Recent measurements
Recent measurements
Among the 90 stars in our original proper motion sample 4 , we have now detected significant accelerations for three stars, S0-1, S0-2 and S0-4 (see Table 1 ); specifically, these are the sources for which the reduced chi-squared for a quadratic fit is smaller than that for the linear model of their motions by more than 1. These three stars are independently number of stars at a given radius. Therefore, the accelerations improve the localization of our Galaxy's dynamical center by a factor of 3, which is critical for reliably associating any near-infrared source with the black hole given the complexity of the region.
Like the directions, the magnitudes of the acceleration vectors also constrain the central black hole's properties. In three dimensions, the acceleration and radius vectors (a 3−D and r 3−D , respectively) provide a direct measure of the enclosed mass simply by
. For a central potential, the acceleration and radius vectors are co-aligned and, with a projection angle to the plane of the sky θ, the two dimensional projections place the following lower limit on the central mass:
This analysis is independent of the star's orbital parameters, although θ is in fact a lower limit for the orbital inclination angle. Projection angles of 51 -56 and 25 -37 degrees for S0-1 and S0-2, respectively, would yield the mass inferred from velocities and place these stars at a mere ∼0.008 pc (solid blue portions of the limiting mass curves in Figure 3) , thus increasing the dark mass density implied by velocities by an order of magnitude to 8 × 10 12 M ⊙ /pc 3 . With smaller projection angles, these two stars also allow for the enclosed mass to decrease at smaller radii, as would occur in the presence of an extended distribution of dark matter surrounding a less massive black hole 13−17 . In contrast to the agreement between the mass distribution inferred from the velocities and the accelerations for S0-1 and S0-2, the minimum mass implied by S0-4's acceleration is inconsistent at least at the 1σ level. We note, in support of the validity of
S0-4's acceleration vector, that its orientation is consistent with the intersection of the S0-1
and S0-2 acceleration vectors (see Fig. 2 ). Nonetheless, continued monitoring of S0-4 will be important for assessing this possible discrepancy. Overall, the individual magnitudes of the three acceleration vectors support the existence of a central black hole with mass
With acceleration measurements, it is now possible to constrain the individual orbits.
We checked the conclusions of the previous studies 
Radius from Sgr A*-Magnitude (milli-pc) 4.42 ± 0.03 5.83 ± 0.04 13.15 ± 0.04
Radius from Sgr A*-Position Angle (degrees) 290.1 ± 0. 
